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ABSTRACT: The microwave-assisted paint removal process is a viable alternative to the
currently used technologies for lead-based paint (LBP) removal, such as abrasive blasting
and chemical stripping. Two design approaches for the microwave paint removal systems
were evaluated for removal of LBP. Graphite-based susceptor materials, applied over the
painted surface, were used successfully in absorbing the microwave energy and heating the
paint. The heat softened the paint, which was easily scraped from the substrate. The mi-
crowave paint removal process was optimized in the laboratory and field demonstrated for a
wooden window sill and trough at Fort Lewis, WA. The lead levels on the relatively flat sub-
strates and complex shaped substrates were dramatically reduced on the areas stripped.
Chemical stabilizers applied over the LBP prior to application of the susceptor rendered the
waste nonhazardous by the current Resource Conservation and Recovery Act (RCRA) Toxic-
ity Characteristic Leaching Procedure (TCLP) criteria. The microwave-assisted removal
process is safe and effective in removing paint without burning, discoloring, or otherwise
damaging the substrate.

DISCLAMER: The contents of this report are not to be used for advertising, publication, or promotional
purposes. Citation of trade names does not constitute an official endorsement or approval of the use of such
commercial products. All product names and trademarks cited are the property of their respective owners.
The findings of this report are not to be construed as an official Department of the Army position unless so
designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Conversion Factors

U.S. standard units of measure can be converted to SI* units as follows:

Multiply By To Obtain

acres 4,046.873 square meters

cubic feet 0.02831685 cubic meters

cubic inches 0.00001638706 cubic meters

degrees (angle) 0.01745329 radians

degrees Fahrenheit (5/9) x (*F - 32) degrees Celsius

degrees Fahrenheit (5/9) x (*F - 32) + 273.15. kelvins

feet 0.3048 meters

gallons (U.S. liquid) 0.003785412 cubic meters

horsepower (550 ft-lb force per second) 745.6999 watts

inches 0.0254 meters

kips per square foot 47.88026 kilopascals

kips per square inch 6.894757 megapascals

miles (U.S. statute) 1.609347 kilometers

pounds (force) 4.448222 newtons

pounds (force) per square inch 0.006894757 megapascals

pounds (mass) 0.4535924 kilograms

square feet 0.09290304 square meters

square miles 2,589,998 square meters

tons (force) 8,896.443 newtons

tons (2,000 pounds, mass) 907.1847 kilograms

yards 0.9144 meters

SI: Systdme International d'Unit6s (International System of Measurement).
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Executive Summary

Lead-based paint (LBP) was widely used in many buildings prior to the ban on its
use enacted by the EPA in 1978, based on the dangers of lead in LBP. The Depart-
ment of Defense (DoD) used LBP on the interior and exterior of many wooden build-
ings constructed prior to 1978. It is estimated that there still 2 billion square feet of
LBP covering wood surfaces in buildings owned by the DoD.

Current technologies for the removal of LBP from wooden substrates rely on: (1)
abrasive blasting, (2) power tools, (3) chemical stripping, or (4) heat guns followed

by scraping. However, these technologies have the disadvantages of introducing va-
pors from toxic chemicals and/or lead dust into the air, as well as creating leachable
lead waste that must be disposed in a hazardous waste landfill.

The microwave-assisted paint removal process was developed for removal of LBP
from wooden substrates. The use of graphite-based susceptors applied on top of the
paint was optimized in laboratory experiments to efficiently heat and soften the
paint. In addition, the use of chemical stabilizers, applied directly to the LBP, al-
lowed the microwave-softened paint to be scraped off as a nonhazardous waste.

A field demonstration of microwave-assisted LBP removal along with the use of
chemical stabilizers was conducted on a wooden window frame at Fort Lewis, Wash-

ington. It was demonstrated that the amount of lead dust released into the air, as
well as the leachable lead in the paint scrapings as determined by Toxicity Charac-
teristic Leaching Procedure (TCLP) were within the allowable limits. A production
and cost analysis of the LBP removal process were also presented. The method
demonstrated the following advantages: (1) it can be performed at a relatively low
temperature, so that it does not have the potential to cause a fire; (2) it does not
harm the wood surface; (3) it renders the removed LBP debris nonhazardous so that
it can be disposed in a regular landfill.

A portable personal breathing zone airborne lead dust analyzer, called the Aerolead
was evaluated during this demonstration against conventional air monitoring. The

Aerolead was operated for periods of 30 minutes during the microwave-assisted lead
removal process, the analysis was performed onsite within 7 minutes. The Aerolead
readings indicated permissible exposure limits of 5.18 micrograms/m3 , which was
consistent with the laboratory-analyzed personal air monitor filters analysis of less
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than 35 micrograms/m 3. Both results are less than the permissible exposure limits
of 50 micrograms/m, 3 8-hour time-weighted average (TWA).

This demonstration met the performance requirements, which were to: (1) remove

existing LBP, (2) comply with environmental standards, (3) comply with worker
health and occupational safety requirements, (4) determine performance of the mi-
crowave assistant paint removal process, and (5) conduct cost and benefits assess-
ment.

Currently, a variation of this technology is being employed by some companies in
Sweden and Denmark. However, in the European application the windows are re-
moved from their setting, placed into an industrial microwave oven, and heated to
soften the paint, so that it is easily removed. Specially configured tools have been
designed to scrape the paint efficiently. These companies have demonstrated that
paint can be removed with or without the use of a susceptor, depending on the mois-
ture content of the wooden substrate.

The cost of the microwave-assisted LBPremoval process is projected to be $22.68

per sq ft, compared with $34.68 per sq ft for chemical stripping, resulting in a cost
saving of $12 per sq ft, or 35 percent, compared with costs for the chemical stripping
process. If the in situ LBP removal process can be further developed to achieve the
higher heating efficiency of the industrial microwave ovens, with appropriate mi-

crowave shielding, additional cost savings could be realized. It is projected that for
this case the time would be reduced by 2.1 hours. The total cost would be $10.80
per sq ft. This represents a cost savings of $23.88 (69 percent) over the chemical
stripping process.

This technology appears to be particularly suitable to niche markets where preser-
vation of the wood in historical building components is an important concern. The
development prototype microwave device that can be clamped onto a window frame
has been designed to remove LBP in situ, while maintaining microwave safety lev-
els.
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1 Introduction

Background

The Army owns an estimated 95,400 target facilities in the United States and

26,200 in foreign countries. The average age of these facilities is 36 years. Since

90,000 were built before 1978, they probably contain some lead based paint (LBP).

Furthermore, about 2,600 of these facilities are on or eligible for the National Regis-

ter of Historic Places, and require special procedures for preservation. Current re-

moval methods for hazardous paint that contain lead all have some shortcomings.

This includes chemical stripping, abrasive blasting, vacuum-assisted power tools,

and high-intensity xenon lamps. Methylene chloride based chemical strippers are

suspected carcinogens and the Occupational Safety and Health Administration

(OSHA) has stringent requirements for worker protection. Methylene chloride is

also classified as a Hazardous Air Pollutant (HAP) and is regulated by the U.S. En-

vironmental Protection Agency (EPA). Alternative environmentally friendly chemi-

cal strippers are slow and create a large quantity of hazardous waste from the rinse

water.

Abrasive blasting may require as much as 2.2 kg of abrasive per square foot. This

large quantity of waste is usually hazardous because of the presence of lead in the

paint chips. The cost of abrasive blasting is further increased by the containment

structures generally required for environmental and worker protection. Abrasive

blasting cannot be used inside the building because of the lead dust that is gener-

ated. Vacuum blasting is slow and carries the risk of lead dust escaping. Therefore,

there is a need for an affordable, environmentally acceptable technology to remove

deteriorating LBP from DoD facilities.

Objective

The objective of this research was to conduct a technology demonstration of micro-

wave-assisted removal of LBP from wooden window sills and troughs using various

chemical stabilizers that render the LBP nonhazardous upon removal. A microwave

applicator was adapted for use on the window sills and troughs, and laboratory ex-

periments were carried out on removal of paint from a window frame mock-up. A
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suitable window frame coated with LBP in an abandoned wooden building at Fort
Lewis, Washington, was selected for field-demonstration of the actual process of
microwave-assisted LBP removal.

Approach

Technology for microwave-assisted removal of LBP, including the use of susceptors
and chemical stabilizers, was developed and optimized in laboratory experiments.
The microwave applicator used in laboratory experiments was modified for the win-
dow sill and trough geometric configuration. The technology demonstration and as-
sessment were conducted at an abandoned wooden building at Fort Lewis, Wash-
ington, in March 2001.

Mode of Technology Transfer

Technology transfer is being accomplished by: (1) a Technology Transfer Implemen-
tation Plan supervised by the U. S. Army Environmental Center (AEC); (2) dissemi-
nation of Public Works Technical Bulletin (PWTB) 420-70-2, "Installation Lead
Hazard Management"; (3) participation in User Groups and Committees such as the
Army Lead and Asbestos Hazard Management Team, Federal Lead-Based Paint
Committee Meetings at EPA or HUD, and ASTM Committee E06.23 on Lead Haz-
ards Associated with Buildings; (4) websites maintained by the Assistant Chief of
Staff for Installation Management (ACSIM) [http://www.hqda.army.mil/acsimweb/
fd/policy/facengcur.htm], AEC [http://aec. army. mil/usaec/], and the U. S. Army En-
gineer Research and Development Center, Construction Engineering Research
Laboratory (ERDC/CERL) [http:// www.cecer.army.mil], as well as the Hands-on-
Skills Training (HOST) website [http://www.hqda.army.mil/acsimweb/fd/policy/
host/index.htm]; (5) demonstration and validation of emerging technologies through
Army technology demonstration funding (6.3) starting in fiscal year 2000 (FY00)
and continuing through FY03, and cost/performance reports from those demonstra-

tions, including a decision tree for selection of optimal LBP hazard management

and removal techniques for buildings.
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2 Technology Description

Microwave-Assisted Paint Removal Process

The process for microwave-assisted removal of LBP from wood was developed and

patented at the U.S. Army Construction Engineering Research Laboratory (CERL)

by Ashok Kumar (U.S. Patent No. 5,268,548) and assigned to the U.S. Army

(Kumar 1993). In the microwave-assisted paint removal process, microwave cou-

pling compounds (susceptors) are applied as a waterborne slurry or as a polymer

binder paste on top of the existing painted surface. Graphite-based susceptor mate-

rials can reach temperatures up to 1000° C in less than a minute when exposed to

microwaves (125 watts/cm 2) (Kumar and Boy 1998; Booth et al. 1999). The micro-

wave applicator, which uses standard 2.45-GHz magnetron tubes that are also used
in household microwave ovens, is designed to focus microwave energy onto the sus-

ceptor where it is absorbed effectively. The paint is debonded from the substrate by

the heat from the microwaves and is removed easily by scraping. A microwave

shield is provided for worker protection. Safety switches are used with the micro-

wave applicator to make the system safe for the workers, and no extra clothing or

suits are required for the operators. Since the airborne lead levels should be below

the EPA and OSHA threshold requirements, containment structures, environ-

mental monitoring, and worker health monitoring are not needed in this process.

HVS Microwave Paint Stripper

A 1000 watt microwave-assisted paint stripping system was developed by HVS

Technologies, Inc. (Hollinger et al. 1996). The power supply contains the microwave

generation components and safety interlock circuitry. The amount of reflected

power can be minimized by impedance matching.

The applicator (Figure 1) contains the microwave energy and directs it onto the

painted surface. The HVS applicator is a stub-tuned device, with an aperture spe-

cially designed as a microwave window that couples the microwave energy from the
waveguide to the painted surface. Surrounding the aperture are four safety

switches, which will not allow microwave energy to be generated unless the applica-

tor is pressed against a flat surface. On the top near the base of the applicator is an
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exhaust tube that must be connected to a vacuum system and a high-efficiency par-
ticulate air (HEPA) filter during operation.

Power indicatorTra n• ~~To VacuumrT /ntc

Contact
Switches

Coax Cable 1 I/

to microwavesource Activate Swifces
SSwitch Safes

Handle Shielding
Gasket

Figure 1. Microwave paint stripper applicator.

Susceptor and Stabilizer

A modified cementious material (PreTox 2000®) mixture was designed to be applied
over LBP to chemically stabilize the lead. When LBP is coated with stabilizer and
removed by the microwave heating and subsequent scraping, the resultant waste
generated can be designated nonhazardous by current Resource Conservation and
Recovery (RCRA) criteria and can be disposed of in regular landfills.

Laboratory testing has shown that the optimal combination of easy removal and
nonhazardous waste product was achieved when PreTox 2000 was applied directly
onto the LBP, allowed to dry, and coated with a mixture of a graphite-based slurry
and graphite powder.

By heating the susceptor-stabilizer mixture with microwaves, it was determined
that 464 cm 2 (72 sq in.) of LBP could be removed in about 5 minutes. This estimate
includes heating times of approximately 3 minutes using the applicator, required to
obtain a surface temperature of about 100 'C, and a scraping time of approximately
2 minutes.
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Applicator Modification

To be able to use the applicator shown in Figure 1 on window sills and troughs,

some modifications had to be carried out. Since the applicator was designed to work

on flat surfaces, contact switches were incorporated to enable the microwave power

to be generated only when the contact switches were active. This ensures that the

shielding gasket is flush with the surface being stripped and hence prevents any

leakage of microwaves, which could be hazardous to the operator. Since windowsills

and troughs may contain grooves, there will be a gap between the applicator and

the surface from which paint has to be stripped. This causes two problems with the

existing applicator design. First, the contact switches will not be activated due to

the gap and hence no microwaves will be generated. This problem was overcome by

disabling the contact switches. The second problem, which is more important, is

that this gap between the applicator and the window surface caused microwaves to

leak from all around the shielding gasket. Using an accurate microwave leak detec-

tor, a leakage of about 8 to 10 mW/cm 2 was measured around the shielding gasket

when the gap between the applicator and painted surface was about 2 in.

Although microwave field levels below 5 mW/cm 2 are considered safe by interna-

tional standards, in the United States the safety limit is 8.2 mW/cm 2 at 2.45 GHz

(Institute of Electrical and Electronics Engineers [IEEE] 1992).

This problem was solved by attaching a 2.5-in. wide and 1/32-in. thick shielding gas-

ket skirt around the main shielding gasket using plastic ties. Slits 2 in. long and

1/8-in. apart were cut all around the skirt as shown in Figure 2. This enhanced the

flexibility of the shielding skirt during the paint stripping operation. After the

shielding skirt was attached, the microwave leakage was once again measured all

around the skirt while maintaining a gap of about 2 in. between the applicator and

the painted surface. The leakage was barely registered (1 mW/cm 2) on the leak de-

tector. The slits also help prevent leakage from grooves as the gasket strips on the

skirt fall into the grooves, cutting off a leakage path for the microwaves.
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Plastic

ties

Shielding
Ski R

Figure 2. Modified applicator.

Microwave Paint Stripping Results from Laboratory Experiments

To prepare for the field demonstration of the microwave paint stripper on a window

sill andlor trough, a mockup was constructed in parts to approximately realistic di-
mensions. One of the main concerns was the removal of paint from the troughs, es-

pecially the walls of the grooves. This would also help in obtaining important data

on the microwave leakage levels in this more realistic application. The window
frame dimensions were obtained from measurements made on a window in a build-

ing in Fort Lewis. The approximate dimensions of the window are shown in Figure

3.
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1/2

/-_> 9/1.6-/

7/8

7/8

31 wall

Figure 3. Approximate dimensions (inches) of the window frame.

Based on the dimensions of the trough section, an L-section containing the vertical

trough and a horizontal sill was constructed. One coat of oil-based primer and two

coats of a latex topcoat were applied and allowed to dry thoroughly. Figure 4a

shows the painted L-section. Once the paint was completely dry, a thin coating (10

to 20 mils) of PreTox 2000® was applied using a brush. After the stabilizer coating

was completely dry, a thin coating of the susceptor was applied over it as shown in

Figure 4b.
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a. Painted L-section b. Susceptor-coated section

Figure 4. L-section with original paint (left) and susceptor coating.

The resistance of the susceptor coating was measured after it was completely dry.

The resistance measured in the vertical trough section is shown in Figure 5. Al-

though the range of the measured resistance was from 87 to 240 9, the average re-

sistance was well within 100 to 200 Q.

120 220 165 240 165 120 95

150 135 140 195 240 170 126

207 215 165 185 145 158 120

186 135 87 175 130 97 145

Figure 5. Resistance (ohms) of susceptor measured on the vertical trough section

The HVS microwave paint stripper was used to strip paint first from the sill section

and then from the trough section. The applicator was moved over a small portion of

the area to be stripped in a scanning manner. After the susceptor heated up, a

metal scraper was used to scrape the paint off the substrate. The applicator was

held over one spot for a while to determine the effect on the substrate, and as can be

seen in Figure 6a, there is a scorched mark on the substrate.
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Figure 6b shows the close-up of the trough section where the paint was completely

removed. This shows that the applicator is capable of heating the susceptor in these

areas successfully.

a. Scorched area b. Close-up of stripped trough section

Figure 6. Partially stripped L-section with close-up view (right).

As per the approximate dimensions shown in Figure 3, a mock-up window frame

was built on a wooden wall. The main purpose of this setup was to test the ability

of the applicator to heat the paint on the frame wall perpendicular to the wall into

which the window frame is built. A U-shaped window frame was built and one coat-

ing of oil-based primer and two coats of a latex paint was applied on this section

(Figure 7).


